The presence of equine herpesviruses 1, 2 and 5 (EHV-1, EHV-2 and EHV-5) was examined in 66 samples of spinal cord, submandibular lymph nodes and spleen of healthy, non-vaccinated abattoir horses from different locations in the Republic of Serbia. Virus isolation was conducted on RK-13 cell line with the confirmation of isolated viral strains by multiplex nested polymerase chain reaction. The cytopathic effect was observed 48-72 h after the first inoculation in 28 (42.4%) organ samples, and after 5 days in 11 other samples (16.7%) that were all confirmed as EHV-1. Four other samples (6.1%) that showed cytopathic effects on day 5 of the third passage were all positive for EHV-5. Additionally, EHV-1, EHV-2, and EHV-5 were directly detected in all organs by multiplex nested PCR in 46 (69.7%), 3 (4.5%), and 7 (10.6%) samples, respectively. The molecular characterization based on nucleotide sequencing of the part of the gB gene showed that Serbian EHV-1 isolates were 100% homogenous and clustered with EHV-1 strains from Turkey, the United Kingdom, the United States, and Japan. The EHV-2 strain from Serbia branched together with Turkish EHV-2 isolates with homogeneity from 96% to 98%. Serbian EHV-5 strains can be separated in one distinct cluster with isolates from Turkey and the United States with homogeneity from 98 to 99%. These data represent the first report of the molecular characterization of EHV-1, EHV-2, and EHV-5 in the horse population of the Republic of Serbia and document the first successful isolation of Serbian EHV-5 strains.
Equine herpesviruses are widely distributed around the world and cause diverse diseases in horses. Equine herpesvirus 1 (EHV-1) is classified as a member of the genus Varicellovirus in the subfamily Alphaherpesvirinae. Equine herpesvirus 2 (EHV-2) and equine herpesvirus 5 (EHV-5) that were historically called "equine cytomegaloviruses" belong to the genus Percavirus in the subfamily Gammaherpesvirinae (Davison et al. 2009 ). Equine herpesvirus 1 may cause latent infection in lymphoid tissue and the sensory and trigeminal ganglia, whilst stress, transport and intercurrent disease lead to virus reactivation in asymptomatic carrier horses with the spread of the disease in the equine population as a consequence (Edington et al. 1994; Pusterla et al. 2010; Negussie et al. 2017) . Equine herpesvirus 1 causes respiratory disease in young animals, abortion in pregnant mares and neurological disease (Wang et al. 2007; Pusterla et al. 2010; Turan et al. 2012) . The presence of EHV-1 in Serbia is known, however, there have been no recent reports of its potential connection to outbreaks of neurological disease or abortion in horses. Vaccination of horses against EHV-1 is not obligatory in Serbia and it is performed in accordance with the epizootiological situation in certain areas. Equine herpesvirus 2 causes immunosuppression, lymphadenopathy, upper respiratory disease, pharyngitis and pneumonia (Brault et al. 2011) . Equine herpesvirus 5 is commonly found in nasal secretions and peripheral blood mononuclear cells of asymptomatic horses, nevertheless, not much is known about its potential role in infections associated with disease or poor performance in horses (Nordengrahn et al. 2002; Bell et al. 2006) . A recent discovery connected progressive interstitial pulmonary fibrosis in horses termed equine multinodular pulmonary fibrosis (EMPF) and EHV-5 infection (Williams et al. 2007 ). The EHV-2 and EHV-5 are endemic in horse populations worldwide (Torfason et al. 2008; Ataseven et al. 2010; Negussie et al. 2017) although their presence has never been documented in Serbia. The mentioned herpesviruses have close antigenic similarities and often simultaneously infect the same horse (Nordengrahn et al. 2002; Torfason et al. 2008; Negussie et al. 2017) . The polymerase chain reaction proved to be an asset for the laboratory diagnosis of viral infections and has also been applied in many studies of equine alpha and gammaherpesviruses (Nordengrahn et al. 2002; Wang et al. 2007; Torfason et al. 2008) . Standard virological methods are more costly, laborious and time consuming compared to PCR; furthermore, the EHV-2 and EHV-5 slowly induce a cytopathic effect in cell culture and their isolation is not always successful (Wang et al. 2007; Williams et al. 2007; Diallo et al. 2008) . The objective of this examination was to provide information on the detection of EHV-1, EHV-2 and EHV-5 in various organ samples from horses in Serbia and to perform the phylogenetic analysis of the Serbian EHV-1, EHV-2, and EHV-5 strains. Moreover, this study aimed to verify the application of multiplex nested PCR for a rapid and reliable detection of equine herpesvirus infections.
Materials and Methods

Samples
A total of 66 samples of the spinal cord, submandibular lymph nodes and spleen were obtained from 20 non-vaccinated healthy abattoir Lipizzaner and domestic horses. Samples originated from adult animals of 1 to 8 years of age and two healthy 8-month-old foals. All animals were from different areas of the Republic of Serbia, namely, the municipalities of Ruma, Indjija, and Negotin, and were selected between November 2015 and March 2016. Immediately after sampling, the specimens were immersed into 2 ml of minimum essential medium (MEM, Capricorn Scientific, Germany) with 2% foetal calf serum (FBS-12A, Capricorn Scientific, Germany) supplemented with antibiotics and chilled on ice during transport to the laboratory. In the laboratory, all organ samples were homogenized in phosphate buffered saline (PBS 7.2) and centrifuged for 10 min at 1,677 × g. The supernatants were sterilized using sterile 0.22 µm Millex syringe filter units (Merck, USA) and frozen at -20 °C pending testing, whilst the deoxyribonucleic acid (DNA) was extracted from the cell debris using GeneJET Genomic DNA Purification Kit (Thermo Scientific, USA) according to the manufacturer's instructions.
Isolation of viruses in cell culture
For virus isolation, Rabbit kidney-13 Cell line (RK-13, ATCC CCL-37, IZSBS, Brescia, Italy) was used. All samples were individually inoculated onto 24-h old and 80% confluent monolayer of RK-13 cell line in 24-well microtitre plates. Each well, after the aspiration of growing media, was inoculated with 100 μl of sample and incubated for 1 h at 37 °C in an atmosphere with 5% CO 2 . After 1 h, 500 μl of MEM (Capricorn Scientific, Germany) supplemented with 2% foetal calf serum (FBS-12A, Capricorn Scientific, Germany) was added. The plates were incubated in the above mentioned conditions and observed daily for the appearance of the cytopathic effect (CPE) of the virus. If CPE was not observed after 7 days, the plates with the inoculated cell cultures were frozen and thawed × 3 and passaged for two more times at 7-day intervals. In cases where no CPE was visible after the third passage, the sample was considered negative. Uninoculated cell monolayers were used as cell controls (Plate III, Fig. 1A ). If CPE appeared in the monolayer of RK-13 cells, virus for further testing was grown in Roux flasks and DNA was extracted from the cells when the monolayer was from 60% destroyed using GeneJET Genomic DNA Purification Kit (Thermo Scientific, USA) according to the manufacturer's instructions. The virus isolates were further identified by multiplex nested PCR (Wang et al. 2007) . As the positive control, strain of EHV-1, titre 6.25 log 10 50% Tissue Culture Infective Dose (TCID 50 ) was kindly provided by The Scientific Veterinary Institute of Serbia. Internal laboratory reference strains of EHV-2 and EHV-5, titre 3.3 log 10 TCID 50 and 3.9 log 10 TCID 50 , respectively, previously confirmed by sequencing were used as positive controls.
Multiplex nested PCR detection
The first and second round primers (Metabion International, Germany) used for PCR amplification of conserved regions of glycoprotein B (gB) genes of EHV-1 (188 bp), EHV-2 (817 bp) and EHV-5 (410 bp) as well as the protocol for the first and second round of PCR were described by Wang et al. (2007) . The final specific PCR products were visualized using 1.5% agarose gel electrophoresis.
EHV-1, EHV-2, and EHV-5 gB gene direct sequencing
The EHV-1 specific primers from the first round of PCR amplifying the fragment of 1180 bp along with EHV-2-and EHV-5 second round PCR primers used for the amplification of 817 bp and 410 bp products were used for sequence analysis. The samples were sent for sequencing to the Macrogen Europe Laboratory, Amsterdam, Netherlands. The obtained nucleotide sequences from both directions were assembled together to obtain consensus sequences, aligned and compared with documented virus sequences available in the GenBank database using BLAST software (http://www.ncbi.nlm.nih.gov/BLAST/). Evolutionary analyses were conducted with MEGA 7 software. The phylogenetic trees for EHV-1, EHV-2, and EHV-5 strains were constructed using Maximum Likelihood algorithm with 1000 bootstrap replicates. The evolutionary distance was computed using Maximum Composite Likelihood method.
Results
Virus isolation
The cytopathic effect was observed 48-72 h after the first inoculation into the RK-13 cell line for twenty eight out of 66 tested (28/66; 42.4%) organ samples and after 5 days in 11 other samples (11/66; 16.7%) (Plate III, Fig. 1B ). All samples were passaged × 3 at 7-day intervals and four (4/66; 6.1%) other samples showed the characteristic herpesviral CPE with the formation of syncytia on day 5 of the third passage, whilst 23 (23/66; 34.8%) remained negative. Because it was not possible to distinguish the CPE of specific equine herpesviruses in cell culture, all isolates were further identified by multiplex nested PCR. The presence of EHV-1 DNA was confirmed in 39 (59.1%) samples, whilst EHV-5 DNA was discovered in four samples (6.1%). All of the EHV-5 positive samples showed the characteristic herpesviral cytopathic effect at the third passage (Plate III, Fig. 1C ). Equine herpesviruses 1 and 5 were isolated from various organ samples (Table 1) . One isolate of both EHV-1 and EHV-5 originated from the same 8-month-old foal, whilst only EHV-1 was isolated from all tissue samples from its dam (8 years of age). Moreover, the other EHV-5 strains included in this study originated from horses from up to 2 years of age. All the virus-positive animals had no clinical signs of disease at the time of slaughter, i.e. sampling.
Multiplex nested PCR
In relation to virus isolation, PCR proved to be more sensitive and specific (Table 1) , with the exception of one spinal cord sample that was PCR negative but after virus isolation and subsequent PCR confirmation proved to be positive for EHV-1 DNA. The presence of EHV-1 was detected in 46 (69.7%) samples, whilst EHV-2 and EHV-5 DNA was discovered in three (4.5%) and seven (10.1%) samples, respectively. Mixed infections were detected for EHV-1 and EHV-5 in two submandibular lymph node samples and one spleen sample, whilst EHV-1 and EHV-2 DNA was discovered in one spinal cord sample. Infection with all three viruses was confirmed in one submandibular lymph node and one spleen sample. The EHV-2 was present only as a mixed infection in organ samples of one horse. The EHV-5 DNA was detected individually in only one sample of the submandibular lymph node and spleen of a single horse.
EHV-1, EHV-2, and EHV-5 sequencing and phylogenetic analysis The results of the phylogenetic analysis of partial gB gene nucleotide sequences of two selected Serbian EHV-1 isolates demonstrated that they were 100% homogenous and clustered with EHV-1 strains from Turkey (TR01, TR02, TR03, TR-McIIA-12, TR-MCA-11, TR-GEA-11), the United Kingdom, the United States (NY05) and Japan (01c1), whilst their homogeneity was 99%. Furthermore, the homogeneity between gB gene sequences of EHV-1 strains isolated from other species (strains CP5 and Ro-1 originating from a zebra and antelope, respectively) and Serbian EHV-1 isolates was 97% (Fig. 2) . The phylogenetic analysis of partial EHV-2 gB gene nucleotide sequences showed that the EHV-2 detected in this study clusters with Turkish EHV-2 isolates (Fig. 3) . Serbian EHV-2 strain branched together with Turkish EHV-2 isolates and their homogeneity was from 96 to 98%. Moreover, the similarities found between Serbian EHV-2 strain and German (Ger-5 and Ger-7) and isolates from The United Kingdom (Eng-12 and Eng-13) were 96%. The Serbian EHV-2 strain was only 92% and 89% similar to strains from the United Kingdom (Eng-3) and Hungary (Hun-1), respectively, and only 78% to the Icelandic EHV-2 isolate (Swe-2). Regarding the differences that were found between Serbian EHV-5 strains, they could be separated in one distinct cluster with three different branches (Fig. 4) . The partial gB gene nucleotide sequences of isolates SRBEHV5/2 and SRBEHV5/4 were 96% homogenous, whilst the homogeneity between isolate SRBEHV5/2 and strain SRBEHV5/3 was 97%. The strain SRBEHV5/1 was 97% similar to isolate SRBEHV5/2 and 99% homogenous to both SRBEHV5/3 and isolate SRBEHV5/4. The isolate SRBEHV5/4 and the strain SRBEHV5/3 branched together and were 100% homogenous. The phylogenetic study of partial gB gene sequences of Serbian EHV-5 isolates and strains demonstrated significant similarities and clustering with isolates from Turkey and the United States. The similarities found between Serbian EHV-5 isolates and strains and Turkish EHV-5 isolates M-EHV5-TR2011, IS-EHV5-TR2011, RD-EHV5-TR2011, EHV5-TR-NS31 and EHV5-TR-NS26, as well as with isolates from the United States (SJ, Archey and Chantilly Lake) were from 98 to 99%. Furthermore, Serbian EHV-5 isolates and strains were from 98 to 99% homogenous to both the Turkish isolate EHV5-TR-L2 and the South Korean strain KREHV5/71 that clustered together separately from all the above mentioned EHV-5 isolates and strains. 
Discussion
The standard technique for the laboratory diagnosis of equine herpesviral infections is the method of virus isolation followed by their confirmation using conventional or molecular methods. The RK-13 is a sensitive cell line for the propagation of EHV-1, EHV-2, and EHV-5 (Williams et al. 2007; Diallo et al. 2008; OIE 2008; Ataseven et al. 2010) . In order to detect the presence of equine herpesviruses in organ samples of horses from Serbia, virus isolation was performed in the RK-13 cell line and the cytopathic effects were observed for EHV-1 and EHV-5 at the first and third passage, respectively. Wang et al. (2007) developed a nested multiplex PCR as a sensitive and specific technique for the simultaneous identification of equine alpha-and gammaherpesviruses in clinical samples from horses. In our study, we used this multiplex PCR method and concluded that it was more sensitive than virus isolation in cell culture for the detection of EHV-1, EHV-2, and EHV-5. Interestingly, one sample was PCR negative but showed CPE and was later confirmed as EHV-1. The diagnostic value of PCR is sometimes compromised by the presence of inhibitors; furthermore, the extraction of nucleic acids from biological samples may result in losses of the target DNA, both leading to false-negative results. For these reasons, the mentioned issue may be identified and bypassed using internal controls in multiplex PCR assays as described by Markoulatos et al. (2000) , which was not carried out in our assay. In our examination, multiplex nested PCR has proved useful in detecting mixed infections with all three viruses in different organ samples.
The EHV-2 was present only as a mixed infection with EHV-1 or both EHV-1 and EHV-5 in the samples from a single horse, whilst these samples were positive only for EHV-1 on the cell culture. Differently from our results, Banbura et al. (2006) documented that the samples positive for both EHV-1 and EHV-2 using nested PCR were only EHV-2 positive after virus isolation in cell culture. Edington et al. (1994) did not isolate EHV-1 from neural tissue, contrarily to our findings. The authors have isolated EHV-2 from over 75% of the examined lymph nodes draining the respiratory tract. In our investigation, the presence of EHV-2 was detected only as a mixed infection by multiplex PCR in samples of the spinal cord, submandibular lymph nodes, and spleen from a single horse. Pusterla et al. (2010) determined the higher prevalence of latent EHV-1 in trigeminal ganglia (12.4%) than submandibular lymph nodes (3.3%). The highest prevalence of EHV-1 recorded in our study was documented in the lymphoid tissue (spleen and submandibular lymph nodes). In this examination, EHV-5 was confirmed by multiplex nested PCR in samples of the submandibular lymph nodes and spleen (10.6% of the examined samples), whilst virus isolation was successful in 6.1% samples. Differently from our results, in the organs of healthy foals and adult horses including samples of spleen and lymph nodes, EHV-2 was more prevalent than EHV-5 which was not found alone in any of the samples (Torfason et al. 2008) . Moreover, in comparison to this examination, many studies document the higher prevalence of EHV-2 compared to EHV-5 as well as difficulties in EHV-5 isolation (Nordengrahn et al. 2002; Bell et al. 2006; Williams et al. 2007 ). Significant variations within the glycoprotein B region found in different EHV-2 strains might explain its low detectability in the examined samples since we used gB gene specific primers in our study (Bell et al. 2006; Brault et al. 2011) . The EHV-5 strains included in this study originated from horses of up to 2 years of age which is in agreement with the recorded age-dependent prevalence of EHV-5 by other authors (Nordengrahn et al. 2002; Diallo et al. 2008) . The results of the phylogenetic analysis of partial gB gene sequences of two Serbian EHV-1 isolates showed that they were closely related to EHV-1 strains from Turkey, the United Kingdom, the United States, and Japan. The results of Turan et al. (2012) indicated that most of the Turkish EHV-1 strains clustered together, whilst one strain was slightly removed from the group clustering with European EHV-1 strains. Ataseven et al. (2016) determined that EHV-1 isolates in Turkey associated with abortion were closely related to the European EHV-1 strains. The Serbian EHV-2 strain branched together with Turkish EHV-2 isolates and their homogeneity was from 96 to 98%. Ataseven et al. (2010) revealed a sequence divergence between Turkish isolates and European strains, i.e. that none of the studied Turkish EHV-2 isolates were 100% identical to strains from Europe. Correspondingly, the homogeneities found between the Serbian EHV-2 strain and some European strains were from 96 to 89%. Moreover, the EHV-2 strain in our study shared only 78% similarity to the Icelandic EHV-2 isolate (Swe-2). Equine herpesvirus 5 isolates from Turkey were quite divergent from European isolates and they were located on a different branch in the phylogenetic tree (Ataseven et al. 2010) . The Turkish isolates that clustered with Serbian EHV-5 strains and isolates originated from the same region in Turkey. The comparison of the gB gene of Turkish EHV-5 isolates showed marked heterogeneity as these isolates shared 77.3-90.2% nucleotide sequence identities with each other. On the other hand, Serbian EHV-5 isolates included in our examination were 96-100% homogenous. Similarly, the Ethiopian EHV-5 strains showed an overall nucleotide sequence identity of 95.1-100% amongst each other and 95.1-99.5% with reference strains from GenBank (Negussie et al. 2017) . The described genetic heterogeneity in equine gammaherpesviruses corresponds with the results of studies conducted elsewhere, although the genomic variation in the gB gene of EHV-5 occurs to a lesser extent than EHV-2 (Bell et al. 2006; Brault et al. 2011) .
The viral strains analyzed in our examination were obtained from animals distributed in different parts of Serbia suggesting that both equine alpha-and gammaherpesviruses are widely distributed in the horse population in Serbia. All samples were obtained from the organs of clinically healthy animals designated as the sites of EHV latency, indicating the presence of latent herpesvirus infections. The similarity of Serbian EHV-1, EHV-2, and EHV-5 strains with Turkish strains of the corresponding viruses could be explained by the active trade of animals that occurs across Serbia between eastern countries on one side and Europe on the other side.
We could underline that virus isolation and multiplex PCR detection with consecutive molecular typing are very suitable methods for equine herpesvirus detection and characterization. Nevertheless, our results demonstrate that multiplex PCR is convenient for routine diagnostics of equine herpesviral infections given its reliability, the ability of detecting mixed infections as well as the possibility of examining numerous samples in a short period of time which is important in equine clinical practice. The results of this study represent the first report of molecular detection and characterization of EHV-1, EHV-2, and EHV-5 and also give insight on the distribution of EHV-1 in the horse population of Serbia. Additionally, this examination documents the first successful isolation of Serbian EHV-5 strains. More data and research are needed to further investigate the presence of equine herpesviruses in a variety of samples to define their prevalence in both healthy and diseased horses in the Republic of Serbia. 
